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(57) Abstract 



A valve having a disposable portion, which comes into contact with the fluid being controlled by the valve. The disposable 
portion has a valving chamber (63) and a flexible membrane (65X which can seal off a mouth (64) that is located on a protrusion 
in the chamber. The disposable portion is held by a fixture (68) which uses a control gas to apply pressure to the flexible mem- 
brane (65). The disposable portion may also have a pressure conduction chamber (71), which may be used to measure the flow 
rate of liquid through the disposable portion- 
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VALVE SYSTEM WITH REMOVABLE FLUID INTERFACE 
Background of the Invention 

1. Field of the Invention 

■ 

The present invention relates generally to systems for 
controlling fluid flow, and in particular to medical 
infusion technology, although other embodiments are 
possible. 

2. Description of Related Art 



Prior art systems for controlling the flow through an 
intravenous line typically act on the exterior of the 

20 standard intravenous tube. For instance, peristaltic pumps 
are used to pump intravenous flui>d. These peristaltic pimps 
force the fluid through the line by squeezing the 
intravenous tube. Similarly, in order to restrict or cut 
off the flow of fluid, a clamp is used to squeeze the 

25 intravenous tube. 

The advantage of these systems is that the pump or the 
clamp is not contaminated by coming into contact with the 
intravenous fluid. The intravenous fluid remains inside the 
intravenous line. Thus, the pump or the clamp does not need 

30 to be washed or sterilized between uses. 

The disadvantage of these systems is that squeezing the 
standard intravenous tube is an inefficient way to control 
the flow through an intravenous line. It takes a great deal 
of force to squeeze and keep shut an intravenous tube. 

35 Additionally, after repeated or prolonged squeezings the 
intravenous tube tends to lose its rounded shape and become 
oblong in cross-section. Thus, even when it is desired to 
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have unrestricted flow through the intravenous line, a tube 
that has undergone prolonged or repeated sgueezings may 
restrict flow. Furthermore, a peristaltic pump that works 
on the outside of the intravenous tube cannot be used to 
5 deliver precise quantities of intravenous fluid. 

Summary of the TnvgnlHnn 

The present invention provides a system for providing a 
valve for controlling flow of a fluid through a line (e.g., 

10 an intravenous line) , wherein the portion of the valve that 
comes into contact with the fluid being controlled can be 
easily removed from the rest of the system and disposed of. 
This disposable portion is held against a fixture, which is 
that part of the system that is permanent and contains a 

15 control apparatus that opens and closes the valve. In 

certain embodiments the system may have more than one valve 
and may further have one or more pressure conduction 
chambers. As its name suggests, a pressure conduction 
chamber is used to transmit pressure to the fluid. As 

20 explained in the parent application, pressure may be applied 
to the fluid in order to measure the fluid flow rate. 
Alternatively, pressure may be applied to the fluid simply, 
to force the fluid through the line, i.e., pumping the fluid 
(which may be done with positive or negative pressure). 

25 Preferably, the pressure conduction chamber is used for both 
flow measurement and pumping. 

The disposable portion of the valve, « i.e., the 
disposable conduit, contains a housing, through which a 
fluid path runs. The fluid path enters and exits the 

30 housing through at least two ports (one input and one 

output) , which connect to the intravenous line. Disposed in 
the housing in the fluid path is at ;ieast one valving 
chamber. The fluid path enters and exits the valving 
chamber at two mouths. Preferably, at least one of the two 

35 mouths in the valving chamber is located on a protuberance 
from the surface of the housing. A .'flexible impermeable 
membrane is disposed on the surface of the housing and forms 
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one of the sides of the valving chamber. The membrane is so 
disposed on the housing so that the flexible membrane can 
cover at least one of the mouths when a sufficient amount of 
pressure is applied to the side of the membrane facing away 
5 from the valving chamber. It is therefore preferred to 
locate at least one of the mouths opposite the flexible 

* r 

membrane, although the mouths could be oriented differently. 

The housing should be rigid enough so that the covering of 

the mouth by the flexible membrane can be reliably effected 
10 such that the membrane forms a seal over the mouth. If the 

housing is not rigid enough, it may j be difficult to force 

the membrane to seal the mouth. [ 

It may desired to use a disposable valve that would, in 

one mode, allow relatively unrestricted flow and, in another 
15 mode, merely restrict flow through the fluid conduit without 

* 

completely stopping flow. To accomplish this, the geometry 
of the mouth may be altered so that, when the membrane is 
forced against the mouth, the mouth is not completely 
sealed, thereby allowing some flow through the conduit. A 

20 disposable conduit may contain two valves, one of which 

could be used to reduce flow, while, the other could be used 
to stop flow through the fluid conduit. 

In a preferred embodiment of the disposable conduit, 
the housing defines a pressure conduction chamber, located 

25 in the fluid path. Valving chambers may located between the 
pressure conduction chamber and each of the ports. A 
flexible impermeable membrane also defines one of the sides 
of the pressure conduction chamber. Preferably, different 
portions of the same sheet of flexible material can form the 

30 flexible membranes for all the valving chambers and pressure 
conduction chambers. In one embodiment, the housing is 
disposed in a bag made of flexible material, which forms the 
flexible membranes over the valving ; chambers and pressure 
conduction chambers. ' 

35 The fixture, that part of the valving system that is 

permanent, includes a mechanism for holding the disposable 
fluid conduit in such a way that the disposable fluid 
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conduit may be easily and quickly detached from the fixture 
(however, not so easily that the disposable fluid conduit 
may be detached accidently) . The fixture also includes an 
apparatus for controlling the flow of fluid through the 
5 line. This control is accomplished by moving the membrane 
covering the valving chamber so that the membrane is 
alternately (i) forced against at least one of the mouths so 
as to prevent flow through the valving chamber and (ii) not 
so forced so that flow through the valving chamber is 
10 permitted. The fixture may apply a 'control fluid to the 
membrane; when the fixture increases the pressure of the 
control fluid, the membrane may be forced against at least 
one of the mouths, and when the fixture lowers the pressure 
of the control fluid, the membrane may be allowed to move 
away from the at least one mouth. Alternatively, an 
actuator may be used to apply pressure to the membrane. 
This actuator may include a piezoelectric bender. The 
fixture may also include an apparatus for transmitting 
pressure to the membranes covering the pressure conduction 
20 chambers. Preferably, this apparatus uses the same control 
fluid (e.g., air) that is used to control the valves in the 
disposable conduit for transmitting the pressure to the 
membrane covering the pressure conduction chamber, it will 
be appreciated that a microprocessor, or other electronic 
controller, is preferably used for regulating the pressure 
of the control fluid or the position of the actuator. 
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Prjef Description the Draw^ rp 



30 



35 



Figs, l and 2 show cross-sections of two different 
embodiments of the invention, including a fixture and a 
disposable portion with one valving fchamber. 

Pig. 3 shows a plan view of the rigid housing of a 
disposable cartridge having ten valving chambers and two 
pressure conduction chambers. 

Pig. 4 shows a plan view of the [ disposable cartridge of 
Fig. 3 and its internal fluid paths. , 
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Fig. 5 shows an end view of the disposable cartridge of 
Figs. 3 and 4. 

r 

Fig. 6 shows a plan view of the face of the fixture, or 
central system unit, against which the disposable cartridge 
5 of Figs. 3-5 is placed. 

Fig. 7 shows a plan view of an alternative disposable 
cartridge and its internal fluid paths. 

Fig. 8 shows a cross-section of another alternative 
disposable in contact with a fixture. 
10 Fig. 9 shows a cross-section of an embodiment of the 

invention, including a fixture using pieze-electric benders 

* 

and a disposable portion with one valving chamber, wherein 
the valve is open. \ 

Fig, 10 shows a cross-section of the embodiment shown 
15 in Fig. 9, wherein the valve is closed. 

Fig. 11 shows a cross-section of a preferred embodiment 
of the disposable conduit, wherein the rigid housing is 
placed in a bag. 

Fig. 12 shows a cross-section of the disposable conduit 
20 shown in Fig. 11 and a fixture for holding the disposable 
conduit. 

Like reference numerals refer to like items. 

\ 
i 

Description of Snecifl^ Bm^^p.^ P 

25 

A simple embodiment of the present invention is shown 

* 

in Fig. 1, wherein a single valve is provided. The fluid 
path passes from the fluid line input 61 through the valving 
chamber 63 to the fluid line output ^62. The valving chamber 

30 63 is made of a rigid material, such as molded hard plastic. 
The fluid path enters the valving chamber 63 through a first 
mouth 64, which in this embodiment is located on a 
protuberance projecting from the wall of the valving chamber 
opposite the flexible membrane 65. The fluid path exits the 

35 valving chamber through a second mouth 69, which in this 
embodiment is flush with a wall of the valving chamber. 
Fig. 2 shows another embodiment, wherein both mouths, 64 and 
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67, are located on protuberances. Alternative (albeit non- 
preferred) embodiments may have botlh mouths flush with a 
wall of the valving chamber or even on the sides of the 
valving chamber. In these embodiments the membrane needs to 
5 be more flexible, and it is more difficult to effect a seal 
over the mouth. 1 

* 

One wall of the valving chamber 63 is provided by a 
flexible impermeable membrane 65. This wall of the valving 
chamber is placed against a fixture 68, which provides a 
control fluid, preferably air, from: a control fluid supply 
line 66 to the exterior surface of the membrane. The first 
mouth 64 is located with respect to* the membrane 65 such 
that when the control fluid pressure is increased in the 
control fluid supply line 66 the flexible membrane 65 is 
urged against the mouth 64. Preferably, a material is 
chosen for the membrane 65 such that the membrane "grips" 
the mouth 64 in order to provide a better seal, (m an 
alternative embodiment, the geometry of the mouth would be 
altered so that the membrane would not completely seal it 
thereby reducing, but not stopping, flow through the 
conduit, such a valve may be built by cutting a notch in 
the protuberance that the mouth is located on.) in the Fig 
2 embodiment the second mouth 67 is also located opposite 
from the flexible membrane so that when the pressure of the 
control fluid is increased the flexible membrane is also 
urged against mouth 67. when it is desired to open the 
fluid path, the control fluid pressure is decreased until 
the fluid pressure in the fluid path pushes the membrane 65 
away from the mouth 64, thereby permitting fluid to flow 
through the valving chamber. The protuberances may be made 
so that their height is adjustable, thereby allowing one to 
alter at what point the membrane would come into contact 
with the mouth. , 

Th e structure of these embodiments permits a mechanical 
35 advantage. The control fluid tends to distribute force all 
along the surface of the membrane 65. Because of the small 
diameter of the mouth 64, the fluid in the fluid input 61 
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acts on only a small area of the membrane 65, when the 
membrane is sealed against the mouth. Thus, the control 
fluid line pressure can produce more force on the membrane 
than the fluid input pressure (since force is equal to 
5 pressure times area) . The Fig. 2 embodiment is useful if 
the output fluid may be highly pressurized, since the second 
mouth 67 in the this embodiment only permits a small area of 
the membrane to be exposed to the output fluid, when the 
membrane is sealed against the second mouth. 

10 The pressure in the control fluid supply line may be 

controlled using a stepper motor employing a cam-actuated 
piston or other means known in the art. In a piston-based 
embodiment, a piston is used to compress the control fluid 
in the line, thereby increasing the control fluid pressure 

15 and causing the membrane to seal one or two of. the mouths in 
the valving chamber. The piston is then retracted to 
decrease the control fluid pressure and thereby open the 
valve . 

In an alternative embodiment the control fluid is 

20 stored in an airtight reservoir in communication with the 
control fluid line. A compressor is used to increase the 
control fluid pressure in the reservoir, and a solenoid- 
operated valve is used to open a communication pathway 
between the reservoir and the control fluid line, thereby 

25 increasing the pressure in the control line. (The foregoing 
is controlled by a microprocessor.) Alternatively, the 
reservoir may be pressurized using a hand pump* To open the 
valve in the disposable conduit, the communication pathway 
between the reservoir and the control fluid line is closed, 

30 and the control fluid line vented to ambient atmosphere. 

The present invention provides numerous advantages. 
Primary among these advantages is the combination of 
mechanical reliability with low cost and ease of 
manufacture. The valving systems shown in Figs. 1 and 2 are 

35 mechanically reliable because they have relatively few 
moving parts. The valving chamber 63 is fixed, as are the 
fluid line input 61, the fluid line output 62 and the 
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control fluid line 66. The only moving parts are the 
control fluid pressure generating means and the flexible 
membrane 65. As discussed above, the control fluid pressure 
generating means may be implemented using a stepper motor 
5 and piston. Piston assemblies, because of the limited range 
of motion involved, are also mechanically reliable. As 
further discussed above, the control fluid pressure 
generating means may also be implemented using a pressurized 
air reservoir. The only moving paris in such an embodiment 
are the valve connecting the reservoir to the control fluid 
line, and the means used to pressurize the reservoir. 

Further, the flexible membrane 65 may be made of any of 
a number of readily available, inexpensive materials, for 
example, the flexible plastic used to make intravenous bags. 
This material is known to be extremely rugged, in addition 
to being relatively inexpensive. Further, this plastic has 
excellent "gripping" properties. 1 

Another advantage to using a membrane-based system is 
that there are none of the known disadvantages inherent in 
valving systems based on squeezing an intravenous tube. The 
first disadvantage in a squeezing system is that it is 
relatively difficult to obtain a perfect closing of the 
line. A relatively large amount of energy must be expended 
to pinch an intravenous line closed,' because of the 
25 difficulty in "folding- the edges of' a pinched tube. A 
further disadvantage is cold flow. An intravenous tube 
will, after repeated openings and closings, tend to change 
shape around the pinching site. This in turn decreases the 
mechanical reliability of the intravenous delivery system. 
None of these disadvantages are present in a membrane-based 
system. As discussed above, because of the mechanical 
advantage inherent in this system, relatively little energy 
is required to keep the valve closed. And because there is 
no pinching involved, cold flow does not present a 
35 significant problem. 

Further, the device does not require precision molding. 
The valve will tolerate a broad range of 
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imperfections. For example, even if the valve chamber mouth 
is not perfectly aligned, the membrane will still seal 
against it. Even if the control fluid line is slightly off 
center, the membrane will still be urged against the valve 
5 chamber mouth. The only stringent requirements are that the 
valve chamber, including input and output lines, be 
fluidtight, and that the control fluid line be airtight. 

In addition, the utility of this valving system can be 
enhanced by the manufacturing method used. For example, the 

10 input line, valving chamber (including mouth) , output line 
and membrane all may be constructed into a single disposable 
unit that may also include a pressure conduction chamber. 
The membrane may be attached to a rigid plastic structure 
that is sized to fit snugly onto a central flow control 

15 system unit. Alternatively, the valving system may be made 
integral with a drip chamber structure, which would be 
received by a specially adapted fixture. 

In one embodiment of a flow control system, it is 
contemplated to mold the pressure conduction chamber 

20 together with input and output pathways and membrane-based 
valving chambers all out of the same block of plastic. The 
same sheet of membrane may be used as the membrane 65 in the 

♦ 

valves and the pressure conduction chamber. Two such 
disposable units are depicted in Figs. 3-5 and Fig. 7. 

25 When being used to control flow, the disposable unit is 

affixed to a receiving block, such as that shown in Fig. 6, 
which is used with the disposable unit depicted in Figs. 3- 
5. The housing unit may be held in place by a retaining 
clamp, or by other means known in the art. Sealing rings 

30 are provided to insure that the control fluid pathways, and 
the measurement gas pathways remain fluidtight. In this 
embodiment, it is contemplated that the receiving block 
would be an integral part of the central flow control system 
unit. It will be seen that this is a desirable arrangement. 

35 The disposable unit is used to transport intravenous fluid, 
and must therefore be sterile. It would be impractical to 
clean and sterilize such a unit for multiple uses. The 
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receiving block, on the other hand, must be sturdy, to 
insure a proper seal, and to insure proper operation of the 
valves • 

The controller (i.e., the microprocessor) may be 
5 programmed to perform a safety protocol during calibration 
of the device to check that all the seals are tight. During 
such a protocol, control fluid pressure to various valving 
chambers may be manipulated, and the resulting pressure 
changes may be monitored using the pressure transducers in 
10 the central flow control system unit. Aberrant conditions 
would cause an alarm state to be entered into. 

Not all pathways would be required for all applications 
of the controller unit. A "universal" housing unit that 
would embody all possible pathway configurations for various 
15 situations may be designed and manufactured. The receiving 
block would be adapted for specific; controller applications. 
Alternatively, the microprocessor could be programmed to 
valve off pathways, as required. 

Fig. 3 shows one embodiment of a disposable housing 
unit (or "cartridge" or "cassette") ; This particular unit 
has two concave indentations 71 for; pressure conduction 
chambers, so that two fluid control systems may function in 
parallel. In a preferred embodiment, two fluid control 
systems are used to deliver intravenous fluid to a patient 
25 in order to make the flow of fluid smoother. As one 
container 71 is dispensing, the other is filling. Thus, 
fluid is delivered in more closely spaced and smaller 
pulses, rather than larger pulses that come less frequently 
and that have longer periods between them. 
30 The disposable cartridge shown! in Pig. 3 also has ten 

valves 72 of the type depicted in Fig. l, with the input 61 
and the output 62 showing. This side of the unit has a 
membrane stretched across and attached to it that serves as 
the membrane (65 in Fig. l) for the valves 72 and the 
35 membrane for the pressure conduction chamber 71. (See item 
91 in Fig. 5.) 

Fig. 4 shows a bottom view of the disposable cartridge 
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showing the internal piping or passageways 81, which are 
inside the disposable cartridge and: which connect the 
various valves 72, the container indentations 71 and the 
various inputs and outputs 82-86. The inputs and outputs 
5 may be arranged in a variety of ways; for example, the top 
two ports 82 and 83 may both be inputs coming from two 
different fluid supplies, the bottom two ports 85 and 86 may 
be outputs. Port 84 could be used to remove samples of the 
fluid from the container for testing or analyzing or to add 

10 additional medication to the intravenous fluid. Fig. 5 

shows an end view of these ports 82-86, as well as the fluid 
side of the containers 71 in phantom. The membrane 91 for 
the valves 72 and the containers 71, is attached to the 
disposable cartridge on the side indicated. The membrane 91 

15 billows in and out depending on how much fluid is in the 
container. 

Fig. 6 shows the face of the flow control system unit, 
against which the disposable shown in Figs. 3-5 is placed 
and held by a clamping device. There are two large 

20 indentations 101 on the system unit to match the 

indentations 71 on the disposable. These indentations 101 
on the system unit can contain a measurement gas for 
measuring the fluid flow rate. Each indentation has an 
aperture 103, through which measurement gas passes. The 

25 measurement gas can be used to measure how much of the 
complete container is not occupied by the fluid (when the 
container is isolated) and thereby permit measurement of the 
fluid flow rate, as well as to suction fluid into the 
container, and to force fluid out of the container. 

30 Fig. 6 also shows receptacles, or dimples, 102 for the 

valves 72 and an aperture 66, through which the valve 
control fluid passes. The pressure conduction chamber 
indentations 101 and the valve receptacles 102 are 
surrounded by seals, 105 and 106 respectively, so that when 

35 the disposable is clamped against the system unit an air- 
tight seal is formed. f 

Fig. 7 shows an alternative disposable housing unit 

9 
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that like the disposable housing unit in Figs. 3-5 has 
container indentations 71, fluid pathways 81 and 
input/output ports 82-86. The Fig. 7 disposable, however, 
uses the valves ill shown in Fig. 2. Despite this 
5 difference and the different piping layout, the Fig. 7 

disposable functions the same way as the disposable in Figs 
3-4. 

Fig. 8 shows a simple embodiment of the disposable 
housing unit 124 clamped against the face of the central 
flow control unit 125 designed for this disposable 124. 
This disposable 124 has only one pressure conduction chamber 
2 and two valves, A and B. The input 61a of valve A is 
connected to the intravenous line l> by a protrusion 121, 
which can be inserted in the intravenous tubing. Valve A 
and valve B are of the type depicted in Fig. 2; the two 
beveled mouths 64a and 67a can be seen in valve A. The 
output 62a of valve A leads in to the left half of the 
pressure conduction chamber 2, which is formed by the 
indentation 71 in the disposable 124. Membrane sheet 91 is 
attached to the disposable 124 and covers the whole side of 
the disposable. Parts of this membrane sheet 91 function as 
the membrane 65a for valve A, the membrane 3 in the pressure 
conduction chamber 2 , and the membrane 65b in valve B 
Valve A is disposed against a receptacle 102a in the central 
unit 125, which is connected to an air supply 6 6a through 
which air is pumped back and forth, thereby effecting the 
opening and closing of valve A by pulling the membrane 65a 
back from the mouths 64a and 67a and pushing the membrane 
65a against mouths 64a and 67a. in this case, the air is 
30 functioning as the valve control fluid. 

Channel 103 provides a path for the measurement gas 
(which can be air) from the pressure conduction chamber 2 to 
the rest of the system (including, for example, the 
reservoir,. The membrane 3, which, as noted above, is part 
of the flexible sheet 91, moves back; and forth depending on 
how much fluid is in the pressure conduction chamber 2 
Because the pressure is changed frequently during flow 
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measurement cycles, the temperature of the measurement gas 
may fluctuate. Such temperature fluctuations may affect the 
accuracy of flow measurement. In order to stabilize the 
temperature, it may be desired to place steel or copper wool 
5 in the channel 103 to act as a heat sink. 

The pressure conduction chamber 2 is connected to the 
input 61b of valve B, which is disposed against the 
receptacle 102b and which functions the same way as valve A 
by means of air supply 66b. The output 62b flows into the 

10 intravenous line 1 connected to the patient. A protusion 
122 is used to attach the tube to the disposable 124. 

In order to ensure the proper sealing between the 
elements of the disposable, gasket-like seals, 105 and 106, 
are disposed around the container and the valves. 

15 Figs. 9 and 10 show an alternative embodiment of the 

system, wherein Fig. 9 shows the valve open and Fig. 10 
shows the valve closed. The disposable portion 72 of the 
valve is very similar to the disposable portion of the valve 
shown in Fig. 1. The fixture, however, is different. 

20 Instead of using a control fluid to move the membrane 65, 

i 

the fixture uses an actuator to apply a force to the 
membrane. The face of the fixture is made of a flexible, 
yet durable, material 21. An actuator moves the face of the 
fixture, so that it alternately forces the membrane 65 

25 against the mouth 64 in the valving chamber and allows the 
membrane 65 to move away from the mouth 64. The embodiment 
shown in Figs. 9 and 10 use a bender 23 made of piezo- 
electric material. In Fig. 9 the bender 23 is in its normal 
position. In Fig. 10 the bender 23 is actuated by an 

30 electric potential, thereby bending 'the bender 23 and 
forcing the rod 22 down so that the face of the fixture 
forces the membrane 65 over the mouth 64. Conversely, the 
bender may be set so that in its normal position it forces 
the membrane over the mouth, and when actuated by an 

35 electric potential the bender pulls back the face of the 
fixture, thereby allowing the membrajie to move off of the 

mouth. 1 

.» 

J 
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Fig. 11 shows a cross-section of a preferred embodiment 
of the disposable conduit, in this embodiment a relatively 
rigid housing 34 is placed inside a bag 35 made of a 
flexible, impermeable material. The bag needs at least one 
5 opening through which the ports of the housing may pass and 
be connected to the intravenous line. Preferably, the 
opening of the bag is formed relatively tightly around the 
ports of the housing, so that fluid, spillage is minimized 
when the intravenous line is disconnected from the 
10 disposable conduit. A pressure conduction chamber 71, as 
well as any valving chambers (not shown) or any other' 
pressure conduction chambers (not shown) , are located on the 
top side of the housing 34. Fluid paths 32 are formed as 
grooves on the underside of the housing. Additional groove- 
like fluid paths may be placed in the top side of the fluid 
housing, some groove-like fluid paths 32 may be connected 
to the pressure conduction chamber 71 by means of vertical 
paths 33. 

In Fig. 12 the disposable fluid conduit of Fig. li is 
held against a fixture 45 by means pf a clasp 43, which at 
one end is hingedly attached to the fixture 45 and at the 
other end may held to the fixture 45 by means of a threaded 
screw and nut 44 or some other type of quick-release 
fastening means that is able to apply sufficient force to 
the disposable fluid conduit while holding the conduit. A 
gasket 41 on the fixture serves to seal the bag 35 around 
the pressure conduction chamber 71. Thus, a portion of the 
bag forms the membrane on the pressure conduction chamber 
Another gasket 42 is placed on the clasp portion 43 of the 
fixture, so as to form seals around the groove-like fluid 
paths 32. If any groove-like fluid paths are located on the 
top side of the housing, the gasket on the face of the 
fixture may be shaped so as to form seals around these 
groove-like fluid paths. The clasping portion of the 
fixture 43 must be able to exert enough force on the 
disposable fluid conduit, so that the gasket may create 
effective seals. This type structure is preferred, because 
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it is much easier to manufacture a housing 34 with groove- 
like fluid paths 32 on its surface than to manufacture a 
housing with fluid paths encased inside the housing. Thus, 
the bag 35, in addition to forming the membrane on the 
5 pressure conduction chambers and the valving chambers, is 
also used to seal the groove-like fluid paths so that fluid 
does not leak from one fluid path 32 into an adjacent fluid 
path 32. 
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What is claimed is: 

1. A system for providing a valve in a line that 
delivers liquid, such that the portion of the valve that 
comes into contact with the liquid in the line may be easily 
5 disposable, the system comprising: ' 
a housing; « 

a first flexible membrane disposed on the housing, the 
first flexible membrane having an internal side facing the 
housing and an external side facing; away from the housing, 
10 the housing and the first flexible membrane defining a 
valving chamber; 

a liquid path passing through the housing from a first 
port through the valving chamber to a second port so as to 
provide liquid communication between the valving chamber and 
the line, the path entering the valving chamber at first and 
second mouths, wherein at least one of said mouths inside 
the valving chamber protrudes from one side of the housing 
towards the membrane; 

a fixture for holding the housing, such that the 
housing may be easily disengaged from the fixture; and 
first pressure means, disposed in the fixture, for 
alternately (i) providing pressure to the external side of 
the first flexible membrane so as to force the first 
flexible membrane against the protruding mouth and (ii) 
relieving pressure on the external side of the first 
flexible membrane so as to permit relatively unrestricted 
flow through the liquid path through the valving chamber. 

2. A system according to claim 1, wherein the first 
pressure means includes means, located in the fixture, for 
(a) providing a control gas to an area adjacent to the first 
flexible membrane and the valving chamber and (b) changing 
the pressure of the control gas. 

3 . a system according to claim 2 , further including 
a second flexible membrane disposed on the housing, the 

second flexible membrane having an internal side facing the 
housing and an external side facing away from the housing 
the housing and the second flexible membrane defining a 
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pressure conduction chamber disposed in the liquid path, and 

second pressure means, disposed in the fixture, for 
alternately (i) providing pressure to the external side of 
the second flexible membrane in the region of the pressure 
5 conduction chamber and (ii) relieving pressure on the 

external side of the second flexible membrane in the region 
of the pressure conduction chamber; 

wherein the second pressure means includes means, 
located in the fixture, for (a) providing a measurement gas 
10 to an area adjacent to the second flexible membrane and (b) 
changing the pressure of the control gas. 

4. A system according to claim 2, wherein the fixture 
includes a dimple located adjacent? to the flexible membrane 
and the valving chamber, and the means for providing a 

15 control gas provides the control gas to the dimple. 

5. A system according to claim 1, wherein the first 
pressure means includes an actuator, located in the fixture 
adjacent to the flexible membrane and the valving chamber, 
that, in a first position, forces the flexible membrane 

20 against the first mouth and, in a second position, is 

located closer to the fixture and further from the housing 
so as to allow flow through the liquid path through the 
valving chamber. 

6. A system according to claim 5, wherein the 

25 actuator includes a piezoelectric bender. 

v 

7. A system according to claim 1, wherein the housing 
is disposed in a bag, the bag having at least one opening to 
permit fluid communication between the line and the liquid 

*■ 

path and forming the first flexible; membrane. 

30 8. A system according to claim 3, wherein the housing 

is disposed in a bag, the bag having at least one opening to 
permit fluid communication between the line and the liquid 
path and forming the first and second flexible membranes. 
9. A disposable liquid conduit for use in a system 

35 for transmitting liquid through a line, the disposable 
conduit being that part of the system that comes into 
contact with the liquid and comprising: 
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t 

a housing; 

a first flexible membrane disposed on the housing, the 
housing and the first flexible membrane defining a first 
valving chamber; 

5 a second flexible membrane disposed on the housing, the 

housing and the second flexible membrane defining a pressure 
conduction chamber; and ' 

a liquid path passing through the housing from a first 
port through the first valving chamber and the pressure 
10 conduction chamber to a second port, the liquid path 
entering the first valving chamber at first and second 
mouths, wherein at least one of said mouths inside the 
valving chamber protrudes from one side of the housing 
towards the membrane. 

10. A liquid conduit according to claim 9, further 
including a third flexible membrane* wherein the third 
flexible membrane and the housing define a second valving 
chamber disposed in the liquid path such that the liquid 
path first passes through one valving chamber, then the 
pressure conduction chamber and then the other valving 
chamber. i 
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11. A liquid conduit according claim 10, 

single sheet of flexible material forms the first, "second 
and third flexible membranes. i 

* 

12. A liquid conduit according to claim 9, wherein the 
mg is disposed in a bag, the bag having at least one 

t ion 

between the line and 
the liquid path, the bag forming the first and second 
flexible membranes. 

13. A liquid conduit according to claim 9, wherein at 
least two of said mouths inside the valving chamber are 
located opposite the first flexible membrane and on a 
protuberance of the housing. , 

14 . A disposable fluid conduit according to claim 11 
wherein the housing is disposed in a' bag, the bag having at 
least one opening to permit fluid communication between the 
line and the fluid path, the bag forming the first, second 
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and third flexible membranes. 

15. A system for receiving a disposable liquid 

* 

conduit, the liquid conduit having <a housing, a first 
flexible membrane disposed on the housing and a valving 

» 

5 chamber defined by the first flexible membrane and the 
housing, and a pressure conduction chamber defined by the 
housing and a second flexible membrane disposed on the 
housing, the system forming with the liquid conduit a valve 
in a line that delivers liquid, the, system comprising: 
10 a fixture for holding the liquid conduit, such that the 

disposable liquid conduit may be easily disengaged from the 
fixture; and 

first pressure means, disposed in the fixture, for 
alternately (i) providing pressure to the first flexible 
15 membrane so as to restrict flow through the liquid path 
through the valving chamber and (ii) relieving pressure on 
the flexible membrane so as to permit relatively 
unrestricted flow through the liquid path through the 
valving chamber; « 

20 second pressure means, disposed in the fixture for 

providing pressure to the second flexible membrane; 

wherein the first and second pressure means includes 
means, located in the fixture, for (a) providing a control 
gas to an area adjacent to the first and second flexible 

25 membranes and (b) changing the pressure of the control gas. 

16. A system according to claim 16, wherein the 
fixture includes a dimple, through which the means for 
providing a control gas provides the control gas to an area 
adjacent to the first flexible membrane. 

30 17. A system for receiving a disposable fluid conduit, 

the fluid conduit having a housing, ,a flexible membrane 
disposed on the housing and a valving chamber defined by the 
flexible membrane and the housing, and forming with the 
fluid conduit a valve in a line that delivers fluid, the 

35 system comprising: 

a fixture for holding the fluid conduit, such that the 
disposable fluid conduit may be easily disengaged from the 
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fixture ; and 

» 

pressure means, disposed in the fixture, for 
alternatively (i) providing pressure to the flexible 
membranes and (ii) relieving pressure on the flexible 
5 membrane so as to permit relatively unrestricted flow 
through the fluid path through the valving chamber wherein 
the pressure means includes a piezo-electric bender located 
in the fixture, that, in a first position, applies a force 
to the flexible membrane and, in a second position, is 
10 located closer to the fixture. 

18. A method for providing a Valve in a line that 
delivers liquid, such that the portion of the valve that 
comes into contact with the liquid in the line may be easily 
disposable, the method comprising: 

15 




20 



a first flexible membrane having a first side 
and a second side; 

placing a housing against the first side of the 
flexible membrane, the housing including a valving chamber 
and a liquid path passing through the housing from a first 
port through the valving chamber to^ a second port so as to 
provide liquid communication between the valving chamber and 
the line, the path entering the valving chamber at first and 
second mouths, wherein at least one of said mouths inside 
the valving chamber protrudes from one side of the housing 
25 towards the membrane; ' 

membrane and the housing 
against a fixture, such that the second side of the membrane 
is pressed against the fixture, and the first flexible 
• membrane is sealed against the housing around the valving 
30 chamber; 

the second side of the first 
flexible membrane so as to force the first flexible membrane 
against the protruding mouth; 

relieving pressure on the external side of the first 
35 flexible membrane so as to permit relatively unrestricted 
flow through the liquid path through the valving chamber; 
and 
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removing the 
from the fixture. 



first flexible membrane and the housing 
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